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I

THE ACUTE TOXICITY OF BRIEF EXPOSURES TO HF, HC1, NO2 AND
HCN SINGLY AND iN CObIBINATION .WiT.. C.1. Introduction. have been proposed for future use and which dis-

pilay sii1)erior resistanve to fire. Mrlo, the Fire
Recent studies made within the aviation corn- esar seior r ifthe ti oa tue FResearch Section (if the National Bureau 'of

munity illustrate the importance of fire, smoke, Standards conducted research for NAFEC on the
and fumes in the survivability and escape from
aircraft accidents. For example, the Aerospace smoke and gases produced by burning materials

aircaftaccdent. Fr eampe, te Arosace used in the interior of ziircrýaft.l Neither test,Industries Association 1AIA)' examined the ir- se
portance of fire in 539 fatalities which occurred toxcver, examined the biological effects of thetxccombustion products found.
in 16 uilpact-survivable accidents. They con-
eluded that fatalities in 12 of these accidents Of the interior materials presently in use,
were the result of the ensuing fire. Another - many formulations contain halogen, cyanide, and

weretheresut o theensing ire Anoherre- nitrogenous moieties which can react during corn-
port2 showed that during the period 1955-1964, bisronorspyoietses wlfi th c orre sponding12 srviabl U.S. ir Crrir acidntsso. bustion or pyrolysis ,*o form the corresponding
12 survivable U. S. Air Carrier accidents oc-
curred in which 68 crew members and 596 pus halogen acid gases (s-C and HF), hydrogen
sengers either died by fire or received severe cyanide gas (HCN), and nitrogn dioxide
injuries attributable to fire. The same study (NO 2 ). Information has been needed concerning

the toriuity to fire. The samn stury
also showed that 2,5 crew members and 269 pas- for toxicity of these materials whon exposure ie
sengers died by fire in other ccident which for a short period of time as might be ex-
had some fatalities at impact; the deaths by fire perienced in the evacuation of a burning air-
adore potalitiest atimpact. Snow, deaths an exe craft. The present study was conductW. tooccrred post-impact. Snow, e.t al..' mane an ex-haustive analysis of the human factors data from provide this specific inforratition for the gases

thra irc r aircr f accidents involfaito emergency HCI, HF, HCN and NO,. In addition, other
ew, cuathr n. All three accidents were impact- experiments were performed to explore the toxic
survivable but 105 of the 261 passengere died by effects of a simultuneous exposure to each of t'ie
tire or smoke during attempts to escape the air- above gases in combination with carbon monoxide

craft after impact. Hasbrook, et al.,, examined,
in some detail, the evacuation pattern of a sur- This study is not an exhaustive evaluation of

vivable accident in which 16 passengers died the toxicity of prolysis products. It was de-
from smoke inhalation and fire. signed to establish some criteria. for evaluating

material in use, or proposed for use, in terms of
Comprehensive aircraft safety necessitates the some of the more commonly produced, easily

rapid evacuation of pas,wengers immediately fol- identifiable toxic gases.
lowing inipact-survivable crashes. Many such
crashes result in aircraft fires. Since inhalation II. Experimental Approach.

of the combustion products of aircraft compo- Ten rats (Wistar) and 15 mice (ICR) per
nents may presont a general toxicity hazard, it group were exposed to a series of atmospheric
would be wise to Felect totally nonflammable concentrations of each test material to determine
materials or, . ng such materials, to select LCf, tLethal Concentration for 50% of the test
those having . ist toxic combustion products. animals) values. Exposed rats weighed from

Marcey and Johnson of NAFEC have con- 250 to 275 grams, while mice ranged from 30 to
ducted studies' of the burning characteristics of 35 grams. Quality control examinations were
a total of 140 different materials divided into conducted on each shipment of rats and mice
two groups; one group comprised materials now received to assure that healthy animals were used

1 iin use in air transport, the other, materials which in the toxicity studies.
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H I
The nnimals were ex'posed in a dynamic flow minor (.NS effects in man but which is not lethal

system using a stanldard Rochester chamber' per Ye). Initial experimental CO concentrations
modified to present. the animals with a precisely- were based on a-!culations made from the human
timed 5-minute inhalation challenge. The modi- (C) uptake data of Forbes, et al./ Blood carbo-
fication consisted of a cage constructed mith xyhleunoglohin measurements were made on
gasketed solid ends mounted on a slide track nooled blood samples from simultaneously-ex-
which was installed in one of the plastic panels posed groups of three or four rats, using the
on the Rochester chamber. When the decired method of Goldbaum, et al.A The COHb data
contaminant concentration was achieved in the for rats are shown in Figure 1. Also shown in
chamber. Ilie v•ageC oitatining animals was rapidly this figuse is the average COHb value for _.4
pushed into the chamber and the sealing clamps irice exposed to a single carbon monoxide con-
were secured. After five minutes of exposure the centration. Since all animal species have from
procedure was reversed and another experiment 0.5 to 1.0% endogenous COHb from hemoglobin
was started by readjusting the contaminant con- catabolism, this is essentially a 2-point plot show-
centration. ing that the 25% COHb level is achieved in mice

The animals were observed closely for seven during five minutes of exposure to 1,500 ppm
days following exposure in order to include CO. The 5-minute CO concentration required to
anmong the observations any delayed deaths which achieve "25% COHb in rats is 2,100 ppm.
were dub to pulmonary edema. All contaminant exposure concentrations %ere

A series of animal exposures was conducted to controlled by continuous monitoring. Hydrogen
determine the concentration of CO required to fluoride, HCI, and HCN concentrations were
produce 25% COHb (a level which produces monitored using specific ion electrodes. Air sam-

ples were absorbed into a constant flow of
aqueous reagent solutions made in accordanze

"0 " r with the directions of the electrode manufaturer
60 0 Pooled Rate for pick-up of the contaminant and optimum0 • $|ngle Rots
40 0 Mice measurement of the ion. Air and solution flow

rates were measured precisely for conversion of

30 ion concentration to airborne contaminant con-
centration. Calibration curves were prepared by

200 / C03 sampling known concentrations of the specific
/ ions made from primary standards. The stand-

ards used were NiF, NaCN, and NaCI.
/ Nitrogen dioxide was analyzed by continuous% 10 / spectro-photometric measurement of atmosphericCOb / /samples absorbed in Saltzman reagent using an

/ AutoAnalyzer."0 Calibration curves were pre-
/ pared by anall'tical measurement of standard gas

5/ bag concentrations backed up by standardization
/ with permeation tubes."

/ Ti'-. LC,, values for each series of exposure to
/ the compounds tested, either singly or in corn-

/ binaticri with CO, were calculated, by the method
/ of Litchfield and Wilcoxon"' using computer pro-

gram techniques. This method results in a slope
/ calculated by the method of least square- which

/ A A A results in the lowest Chi square value possible.
200 500 1000 2000 4000

,500 3000 5000
pot m co III. Results and Discussion.

Fiamoti; 1. Carboxyhernoglobin Forinaticn In Rodents Hydrogen fluoride produced pulmonary edema
Exposd to CO for 5 Minutes. of varying degrees of severity in most of the
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exposed animals. In animals that died during
or shortly after exposure to concentrations abo~e
the LCQ, value, pulmonary hemorrhage was a 26.000 c HF+CO
common finding. Delayed deaths were routinely * HF
seen with this compound in exposures below the 24,00
,C.,. level, with peak mortality occurring about

24 -.- h . nidnn,, vh rsrnional deaths 22,000

Ic irred three to four days later. The mor-
thlity rates to inhaled 1-F for rats nre presented 20,000
in 'rable 1: those rates for mice are in Table . PPM

H HF
The IC5, slopes for rats and mice are presented o r
in Figures 2 ayird 3, respectively. The slopes for /0/
the HF and HF + CO exposures are not sta- 16,000
tisrically different. There is no appalent efff-t
attributable to concurrent e.xposure to carb',n 14,o0
monoxide. Indeed, a single slope could hi, /0
plotted by combining the two s'mts of exposure 02,00 o
data, which would result in a more precise LCU..
vilue with narrower 95% confidence limits. ooo0

Exposure of rats to HCI resulted in LC,, 8,000
values of 40,989 ppm for the pure compound. and 10 50 90
39,010 ppm for the combined exposure of HCI % MORTALITY (Rats)
and CO, as shown in Table 3. This difference
was not statistically significant; neither was the Fioum 2. Five Minute LC for Rat% Exposed to HI
greater difference found in mice as shown in Singly and In Combination with CO.

rable 4. The LC,, slopes are plotted in Figure 4
for rats and in Figure 5 for mice. Hydrogen

TABLE .-- 7-Day Mortality Response of Rats Exposed 11,000 /

5 Minutes to I1F Gas Singly and in Combination F / + C
with CO (257 Carboxyhemoglobin) I0,000O

0 HF

HF Concentration % Deaths 9.000

(ppm) .0

�i, HP HF +0 O ,O0

7100
800

S17,750 i 40" ,
18,580 80 ,
20,800 70 4.000
21,125 s 100

22,355 90 3,000

22,740 300
23,540 100
25,690 100 2,000 L0 50 go

LCso 18,200 ppm 18,208 ppm % MORTALITY (Mice)

95% Confidence 15,965-20, 13,698-24,
SLimits i748 pp,n 202 ppm FIItlm 3. Five Minute LC. for Mice Exposed to HF

Singly and In Combination with CO.

S. .. - .



chloride is definitelv less toxic to rats than is HF, TAkI.e 3.-7-Day Mortality Response of Rats Exposed

hit, in mice, the etfectie range of lethal response 5 Minutes to IlCI Vapors Singly and in Combination

to II('I overlaps that of HF. It should be noted with Co (25% Carboxyhemoglobin)

that the riinge of 11[( concentrations which had
to be used was much wider than that with 11F. HCI Concentration % Deaths

(ppm)

TABLE 2-7-Day Mcrtality Response of Mice Exposed liCl HCI + CO
6 Minutes to II F 'as SingLy and in Comhination with
CO (25% Carboxyhemoglobin) 30,000 0

82,000 10
)IF Concentration % l)eaths 33,980 to

(ppm) 39,850 60
42,460 80

HF HF + CO 45,200 70
49,580 100
56,046 go

2,430 0 57,290 90

4,4•80 759,280 100
4, 500 33
6,220 33 LC10,t, 98'U ppm 39, 010 ppm
7,410 410 9Pst• Confidenre 34,803-48, 35,040-43,
7,616 07 Limnits 272 ppm 419 ppm
8,140 53
8,7,60 93

10,190 1 I0o
11,0610 100 1 0,O00 0 HCl -I CO 0

LC6o 6,247 ppm 6,670 ppm 0 HCI /
95% Confidence 4,789-.8,149 5,690-7,807 25,000 /

Tlm!ts ppm ppm /

20,000
ppm
HCI

60'000 13.000

SHCI+ O1• 0  
0C~rl / to10,000 / /-

I 0°
50,000 / 5,000

/0

pI / 10 50 90
I % MORTALITY (Mice)

40,000[
0/ Fwt:r 5. Five Minute LC, for Mice Exposed tc HCI

Singly and in Combination with CO.

1 / Consequently, the 5-minute toxicity of HCI is
30,000 " muich less predictable than that of HF. The

lowest concentration of HCI causing' death in
mice was 3,200 ppm: however 100% deaths were
not achieved at the highest concentration tested

J-I (:10,000 ppm), which was an order of magnitude
10 50 90 rreaiter,

% MORTALITY (Rats) Most N()-induced animal deaths resulted from

PiouiR 4. Five Minute I.C,• for Itats Exposed to [I(1 pttlnlonarY edenm and were seen within 12 hours
Singly and in Combhiit!otn with CO. Iostexpostire it few animals exhibited pulnio-

4



TABi-z 4-7-Day Mortality Response of Mice Exposed unry hemorrhage. Again, as shown in Tables

5 minkites to HCI GAR .S81niY and in Combination 5 and (I, there was no significant. differe~ice be-

N%ith CO (25% Carboxyhomoglobln) tween exposutre to NO, alone ard exposure to
NO, in combination with CO. Simultaneous ex-

HCI Concentration, % Deaths posure nf rats to CO and NO, resulted in a

(Pppn) -- slightly higher LC,,, an indik.:t~on of a slightly

less toxic response. The results of these LC~t,
"ri r ~ ~ no nlmnst, identical to

those reported by Giray, 0t a?."1; the latter found

3, 200 7 it 5-minute LC,, value of 832 ppinn which comn-

4,920 topares well with our value of 831. ppmT.

8,1080i 
In 1-ICN exposures, either singly or in comn-

6, 410 . bination with CO, all deaths occuirred during
7. 525 40 teexposure period or within 20 minutes poet-

8,06513 epsure. There were no delayed deaths. The

0,276 3a results of the experiments are given in Tables 7

12, 85 70and 8 for rats and mice, respectively- Carbon

18,655 40

21,010 Imonoxide 
att the 2i1% carboxyhemoglobin level

263,8 879 had no effect on the acute toxicity of HON-
27,388 90 Because the primary effect of HONr intoxication

87 is the blocking of intratcellular oxygen transport

LC6013,45 pm 110,663Ppm through the cytochronie system, the slightly de-

05%Coniene 1 33-14 , pp 610,883 rn ci-eised extra-cellular oxygen transport was not

Limits 283 ppm 428 ppm
I ITAUNLZ 8-7-Day Mortality Response of Mico Exposed

6 Minutes to INO' Singly and in Combination with

CO (25% Carboy yhomoglobhfl)

TA~BL 6-7-Day, Mortality Response of Rats Exposed

5 Minutes to NO, Singly And in Combination with NOt Concentration % Deaths

CO (2% 'bo b~n)(ppm)
C(2%Carboxy emogobn

I N0t NC + CO

XO 2 Concentration, 
% Deaths

(ppm) I2I 1h2 i 7

NO ot+ Co 550 27
~; I NO,580 I0

260 10 950

270 
S500

5 
1,200 I 40

590 so3,5
750 20 1,380 20

840 30 1,500 b

9030 
1,990 2

1,38 s 320 98

LC081pm1 4 pILC0180pm 1 4 p



TAVLE 7--7-.ay Mortnlity Reapnnpte of (lat. l-xpoaed
5 Minutes to IICN Singly atid i. Combinatitn with 1800

CO (.15, Carhoxyhvi(og1oihin)

1600 t0 NO2 + CO
HCN '2oneentra- I% DePaths [ /

* N/2
1400 NO-1 /

HCN HCN + CO 0
1200 -/

283 0283 0 I000

334 10 o~ P /
357 10 N0

368 20 
0/

4 97 2 0 /So o,4204 7( 600 Q / •0
504 70
557 70
583 80 400 t
690 100

LC60  503 ppm 467 ppm 200

95T, Confidence 403-626 ppm 395-553 ppm
Limits

10 50 90

% MORTALITY (Rats)

h N1hnutwi to IICN Singly und in Cumbination with FoR .Fv 1rt C o asEpsdt OCO (25% 'arboxyheroglobin) Singly and in Combination with CO.

HCN Concentr-a- C/ý Deaths
tio;1 ýppm)

3600
ilCN HICNI + CO

3200 0 N02 + CO 0

0S 0 0
200 0 2800 0
283 27
2U5 61 /
300 40
319 87
357 80 2000 0
360 97 ppm
368 67 Noo
414 80 

O

427 100
1200 O

LC• 0  323 ppm 289 prm
95 47 Confidence 27--377 ppm 245-340 ppm

Limits 0

400

ani important factor. In aircraft fires, it is pos-
si he that the build tip of CO will be faster than 10 50 90
the lbuild 111) of other toxic gases. In order toV- */- MORTALITY (Mice)
deternline the ehlect of prior e-,posure io CO on

minottalitv rates of [I(N. two separa te.,roups V"GR•R 7. Five Minute LC., for Mice Exposed to NO-

of rats were exposed to IR('N immediately fol- Singly anid in Combination with CO.

p.i



lowing exposure to CO. The exposure to CO
resulted in 25% CO~b for one group of rats and 0 HCN + Co 0
50% COHb for the second group. The results 400 0 HCN

of these exposures were no different from those A
in which the CO and HCN were used simulta-
neously. The data are presented graphically in 0
Figure H tor rats, autU in, 9ig- !, 2 !rH--, 300ppm

HPPM

o HCN 4 CO 
A 4-

* HCN 200 -

600 0 25% Pro COHb

A 50% Pro COHb /*Mc

1 0 1I10 5 10 9 10

500 .% MORTALITY (Mice)

0 / Plot 9. Five Minute LC. for Mice Exposed to HCN
Singly and in Combination with CO.

400 ever, the hazard rating of various plastic formu-
lations would require experimental determina-
tion of the amounts of these materials produced
by pyrolysis of comparable quantities (i.e., al-

300 / though the combustion of 100 pounds of a
cyanide-containing plastic might produce con-
centration of 200 ppm HCN in an aircraft cabin,
it is possible that the combustion of some chlo-

2001 ride-producing plastic might yield cabin con-
10 so 90 centrations as high as 50,000 ppm; in this event

% MORTALITY (Rats) the chloride-containing plastic would present the
greater hazard).

FtortI 8, Five Minute LC. for Rats Expo!ied to HCIN We have shown in these experiments that car-
Singly and in Combination with CO. bon monoxide concentrations which are not

hazardous to life do not enhance the toxic re-
The CO exposure superimposed on the indi- sponse to the four substances tested. Some LC,,

vidual contaminant exposures might have re- values for CO combined with another toxic com-
suited in more rapid responses, i.e., a decrease pound are slightly lower than those of the corn-
time to death. Such a response would be im- pounds alone . However, the series of exposures
portant in consideration of potential hazards of rats to NO: with 25% carboxyhemoglobin
for aircraft passengers. We compared the mor- established prior to exposure indicates that there
tality time data o. single and combined exposures is neither a trend toward enhancement of tox-
and found no significant differences or trends, icity, nor a protective value, but that the results

These acute studies show that the toxicity vary randomly to the extent which one would
ranking of the four materials tested is HCN, expect from repeated series of 5-minute LC3,
NO2 , HF, and HC1, in decreasing order. How- values for the various compounds.

7
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